maintained at a temperature of 37 C. The perfusion was at a uniform rate of 2 ml/min.
Drugs when administered were dissolved in the replacing solution or added directly to the tissue chamber.
RESULTS

All sinoatrial
node tissues continued to beat spontaneously when they were placed in the perfusion chamber. The intrinsic rate in 13 preparations ranged from 6g to 220 beats/min.
In some instances an irregularity in rate was present before stretch was applied but this tended to disappear during moderate stretching, and in no case did such an arrhythmia mask the responses to application of tension. Stretch of the isolated sinoatrial node tissues invariably resulted in a more rapid rate of beat. The effect of a maintained stretch was to produce a consistent acceleration which reached a maximum in approximately sec. In one typical preparation, rate rose from 108 to I 36 beats/min, an increase of 25.8 % when a tension of 1193 7 g and a 30 % increase in fiber length was produced. The percent increase over intrinsic rate varied somewhat but in practically all instances exceeded 15 %, often approaching 50 %. Only rarely did rate continue to increase after 30 set of stretch. When the tension was maintained for longer intervals, rate decreased gradually from its peak toward the intrinsic value. In these experiments, unlike those performed on the in situ heart (4), pacemaker rate never fell below control values during stretch. On release of tension and return of the strips to their control length the rate generally decreased, and in most instances there was a temporary undershoot to rates slightly slower than the original intrinsic rates. Usually a steady state was re-established within 2 min following release of tension. In a few instances the stretch-initiated acceleration persisted for a few beats after termination of stretch before poststretch slowing occurred.
The speed with which the stretch was applied influenced the response remarkably.
For example, a single quick stretch always produced a greater acceleration than a stepwise stretch applied over 30 set (Fig. 2) . The degree of acceleration in the same preparation was directly related to the magnitude of stretch. Greater displacements usually resulted in greater accelerations up to a certain limit (Fig. 3) ; proportionately less effect was produced by comparable stretch at the extremes. Although individual variations were great, results from a single preparation were consistent (Fig. 3) . In a few experiments relatively large magnitudes of stretch produced an initial acceleration followed by an irregularity of beat. These arrhythmias resembled those produced by excessive stretch of Purkinje tissue (6, 9). A return to regular rates was observed on release of tension.
The relationship between the initial rate and the response to stretch was not consistent.
It was observed, however, that responses to stretch were always more marked when preparations were fresh, or following a considerable period of time during which stretch had not been applied.
A change in membrane potential was associated with a pacemaker acceleration produced by stretch. On application of tension, the resting potential, maximal diastolic potential, was reduced as cycles shortened, and it gradually returned to its original level after release from stretch and as rate fell toward normal (Fig. 4) 
DISCUSSION
The rate response to stretch and to release from stretch observed in this study agrees with the previous findings obtained from the in situ dog heart (4). These observations suggest that to a large degree the acceleration in heart rate in response to stretch and deceleration on release from stretch of the sinoatrial node are the result of reactions within the node itself.
The concept that changing tensions imposed on the pacemaker cell might change the heart rate is not a new one. In discussing his infusion experiments, Pathak (I 7) suggested that the chronotropic effect of infusion rate change might be due to stretch-induced alterations of impulse generation.
James and Nadeau (I 2) concluded that the rhythmic expansion and contraction of the sinus node artery might contribute to autoregulation of the heart rate since expansion of the artery is associated with relaxation and constriction with stretch of nodal fibers. Stretch of any pacemaker tissue is known to accelerate its rate of discharge (I, 3).
The change in resting potential which in this study was found to occur during stretch of the node was similar to that observed by Deck (5) in his Purkinje fiber studies. Deck (5) actually found that stretch of sinus node tissue produced an acceleration of beat and a degree of depolarization.
It seems likely that cells which share the property I of spontaneous excitability react to a stretch stimulus in the same way. It has been claimed that the level of the resting potential, the steepness of spontaneous depolarization, and the level of the threshold potential, are important factors in determining the frequency of discharge of a pacemaker cell (9). It may be assumed that the reduction of resting potential, which in our experiments was found to follow stretch, was responsible in part at least for the observed acceleration.
The simultaneous occurrence of resting or diastolic potential change and rate change supports this assumption.
The fact that acceleration cannot be maintained at its maximum by continued stretch, but begins to decline after a peak is reached, may be explained by the finding that the tissue tension declines and the membrane begins to regain its normal potential even though the displacement from the original length is constant. This adaptive plasticity or accommodative reaction during stretch occurs not only in sinoatrial node tissue but also has been observed in cat papillary muscle by Innes and Sanders (I I). In their experiments they found that only during the first 30 set of stretch was the dose of epinephrine required to induce automaticity lower. In those experiments in which stretch was expressed in terms of grams, it can be considered that tension did not fall. Also in the in situ experiments in which stretch was produced by weights the eventual decrease in rate during stretch cannot be ascribed to decrease in tension. It would be interesting to observe the resting potential and rate changes in a stretch of long duration.
Thus far, our ability to make such observations has been limited by the difficulty of keeping the microelectrode in place during a stretch lasting longer than 1-2 min.
The initiation of activity in a quiescent cell and the establishment of a regularity of firing in an irregularly active tissue by stretch might be due to a facilitation of conduction within the node. It is known that propagation does occur decrementally within nodal tissue (9) and that intercellular block can take place within the sinoatrial node ( I 3). However, the fact that the multiple microelectrode recordings showed no facilitation of intercellular conduction during stretch makes this possibility unlikely.
A second possibility is that stretch initiates oscillations of the pacemaker cell's membrane potential, LANGE, LU, CHANG, AND BROOKS increases amplitudes of such miniature depolarizations and possibly lowers the cell's threshold potential. This is considered to be the suggestion best supported by the evidence presented.
The observation that acceleration reached its peak earlier when high K+ solutions were used in perfusing nodal tissue and later in low K+ perfusion, favors the thought that the acceleration is due to reduction of resting potential by stretch. According to the ionic theory (7, 8) , high extracellular Kf causes a lowering of membrane potential whereas low extracellular Kf has the opposite effect. It is also suggested that the lowered threshold potential and the more rapid depolarizations reported might be due to a facilitation of Naf influx by stretching the cell and its membrane. An increase in
